Introduction {#ss1}
============

Reactive oxygen and free radicals play an important role in host defenses. In recent years, however, oxidative stress that generates excessive amounts of these agents has been reported to be related to various diseases, implying that the stress is the cause of organ/tissue injuries under invasive conditions ([@CIT0001; @CIT0002; @CIT0003; @CIT0004; @CIT0005; @CIT0006]) in spite of excessive generation of antioxidants to counteract the oxidative stress ([@CIT0007; @CIT0008]).

Necrotizing fasciitis and gas gangrene are soft tissue infections that progress rapidly and become easily fatal. In recent years, both infections have been frequently regarded as necrotizing soft tissue infections (NSTIs) that must be diagnosed early and be treated effectively because of high mortality rates ([@CIT0009; @CIT0010]). NSTIs can have either an indolent or fulminant presentation, and their clinical course is unpredictable ([@CIT0011]). We describe the course of two patients with NSTI of the lower extremity treated concurrently in our institution. In both patients, multimodal therapy including hip joint disarticulation and hyperbaric oxygen therapy (HBO) was administered, but their results were in opposite outcomes: one survived and the other died. We discuss the relationship of changes in serum oxidative and antioxidant (diacron-reactive oxygen metabolites (d-ROMs) and biological antioxidant potential (BAP)) status as well as serum cytokine (interleukin (IL)-6 and IL-10) levels which has never been reported concerning outcome.

Case reports {#ss2}
============

Case 1 (survival case) 54-year-old, male {#ss3}
----------------------------------------

*Clinical diagnosis:* Gas gangrene in the right lower extremity.

*Chief complaint:* Pain in the right lower limb.

*Past history:* Diabetes mellitus (untreated).

*Present illness:* Redness, swelling, and pain in the right lower limb, which appeared suddenly without knowledge of special reason, had been conservatively treated under a diagnosis of cellulitis in a private clinic. Because of the ineffectiveness of conservative therapy and onset of consciousness disturbance, he was referred to our institution on day 9 of the disease.

*Findings on admission:* The Glasgow Coma Scale (GCS) score, 6 (E1V1M4); body temperature, 38.5°C; respiratory rate, 35/minute; pulse, 120/minute; and blood pressure, 140/80 mmHg. Necrosis of the right foot was associated with redness (extending to the lower abdominal region), swelling, and heat sensation in the entire lower limb.

*Laboratory data on admission:* White blood cell count, 12,700/L; hemoglobin, 11.0 g/dL; platelet count, 16,000/L; serum C-reactive protein (CRP), 246 mg/L; and lactate, 3.6 mmol/L.

*Imaging findings:* On CT, a circumferential gas pattern was observed in the right lower limb ([Figure 1](#F1){ref-type="fig"}).

![Computed tomography of the right thigh of case 1. A circumferential gas pattern was observed.](UPS-118-46-f001){#F1}

*Clinical course after admission:* On the day of admission, an immediate disarticulation of the right hip joint was conducted leaving an open wound, necrotic tissue in which was debrided thereafter every day. *Peptostreptococcus magnus* and *Prevotella disiens* were identified on wound cultures. Multimodal therapy including HBO therapy and antibiotic therapy were initiated. In 1 month of hospitalization, infection had been controlled, and vacuum-assisted closure therapy was conducted. After 2 months of hospitalization, the patient was transferred to another hospital for prosthetic needs and rehabilitation ([Figure 2](#F2){ref-type="fig"}). In the second year of follow-up, he was able to walk with a crutch.

![The clinical course and changes in white blood cell count and C-reactive protein of case 1 (survival case). (HBO = hyperbaric oxygen therapy; POD = postoperative day).](UPS-118-46-f002){#F2}

Case 2 (death case) 77-year-old, male {#ss4}
-------------------------------------

*Clinical diagnosis:* Necrotizing fasciitis of the left lower extremity.

*Chief complaint:* Pain in the left lower limb.

*Past history:* Non-contributory.

*Present illness:* He fell down in the house and had pain in his left thigh. Five days later, redness and swelling appeared in the entire left lower limb and gradually worsened in association with breathing difficulty and consciousness disturbance. Two weeks after the onset of this disease, he visited our hospital.

*Findings on admission:* The GCS score, 10 (E3V3M4); body temperature, 36.3°C; respiratory rate, 30/minute; pulse, 137/minute; blood pressure, 125/58 mmHg. In the left thigh, swelling, heat sensation, and redness were observed, and the limb was edematous.

*Laboratory data on admission:* White blood cell count, 400/L; hemoglobin, 10.4 g/dL; platelet count, 102,000/L; CRP, 180 mg/L; lactate, 6.8 mmol/L.

*Imaging findings:* On CT, there was a circumferential abscess pattern ([Figure 3](#F3){ref-type="fig"}).

![Computed tomography of the left thigh of case 2. A circumferential abscess pattern was observed.](UPS-118-46-f003){#F3}

*Clinical course after admission:* On the day of hospitalization, incisions for drainage were made through the lateral and medial sides of the left thigh. *Streptococcus pneumoniae* was detected on wound cultures. Postoperatively, necrosis proceeded in the distal direction to the left lower limb. Therefore, 4 days after admission, amputation of the left femur was conducted and followed by hip joint disarticulation in consideration of any possibility of remnants of infected tissue at the amputated stump. The necrosis of the stump was debrided every day and treated as an open wound. Intensive multidisciplinary therapy including HBO and antibiotic therapy was commenced, but intractable disseminated intravascular coagulation developed. The patient died 1 month after admission ([Figure 4](#F4){ref-type="fig"}).

![The clinical course and changes in white blood cell count and C-reactive protein of case 2 (death case). (HBO = hyperbaric oxygen therapy; CHDF = continuous hemodiafiltration; POD = postoperative day).](UPS-118-46-f004){#F4}

Time-course changes in serum d-ROMs, BAP, and cytokines (IL-6, IL-10) {#ss5}
---------------------------------------------------------------------

Serum d-ROMs and BAP were measured by an automated analyzer (FRAS4; H&D srl, Parma) for determining oxidant and antioxidant status. Serum d-ROM levels increased in the patient who survived (case 1) but decreased gradually in the patient who died (case 2). Serum BAP levels remained within the normal range throughout the course in both cases ([Figure 5](#F5){ref-type="fig"}). Levels of the inflammatory cytokine IL-6 and the anti-inflammatory cytokine IL-10 were high in the early phase of the hospitalization of the patient who died ([Figure 6](#F6){ref-type="fig"}).

![Changes in serum d-ROMs and BAP. Serum d-ROM levels were increased in the patient who survived (case 1, open symbols) but decreased with time in the patient who died (case 2, closed symbols). Serum BAP levels remained within the normal range throughout the course of the disease in both cases. (Adm. = admission). Grey area = normal range](UPS-118-46-f005){#F5}

![Changes in serum IL-6 (inflammatory cytokine) and IL-10 (anti-inflammatory cytokine). Serum IL-6 and IL-10 were both high on admission in the patient who died (closed symbols); the IL-10 level remained high during hospitalization. (Adm. = admission).](UPS-118-46-f006){#F6}

Discussion {#ss6}
==========

Reactive oxygen and free radicals play a critical role in host defense processes; however, if excessively produced, they become oxidative stressors and contribute to ischemia-reperfusion injury and various diseases ([@CIT0001; @CIT0002; @CIT0003; @CIT0004; @CIT0005; @CIT0006]). It has been reported that levels of reactive oxygen species and free radicals with short lifetimes and high reactivity are difficult to measure in the patients ([@CIT0012]). The FRAS4 method for the assessment of d-ROMs, used in the present study, indirectly measures reactive oxygen and free radicals *in vivo* by determining the blood concentrations of hydroperoxides (generated by interactions with these mediators) via color reactions. BAP measured by the FRAS4 method reflects the ability of blood antioxidants to stop oxidation by providing electrons for the reduction of reactive oxygen species and free radicals. Activation of neutrophils and other inflammatory cells in severe infections, injury due to shock-associated ischemia reperfusion, and so forth are thought to increase the production of reactive oxygen species and free radicals ([@CIT0013]). Therefore, in cases of severe infection and severe injury, increased d-ROMs and decreased BAP would be anticipated. Nevertheless, in the patient who died, d-ROMs decreased gradually until death. This finding is consistent with the findings of a study that surveyed patients with severe burns in our institution ([@CIT0014]).

In human beings there is a balance between host defenses and auto-destruction by production of appropriate amounts of various cytokines and other mediators in response to invasive stimuli. Under severe infectious conditions, however, inflammatory cytokines are relatively predominant, leading to a state of systemic inflammatory response syndrome (SIRS) ([@CIT0015]), and, as a result, levels of reactive oxygen and free radicals increase. Persistent SIRS triggers the onset of multiple organ failure or dysfunction. Conversely, the host seeks to produce the anti-inflammatory cytokines such as IL-10 and intrinsic inflammatory-cytokine antagonists for the control of SIRS. If these anti-inflammatory mediators become relatively predominant, the host would suffer from impairment of immunocompetent cells and fall into compensated anti-inflammatory response syndrome (CARS) ([@CIT0016]), in which the host defense against infection is depressed.

In this study, the patient who died had high levels of both inflammatory cytokine IL-6 and anti-inflammatory cytokine IL-10 on admission and a persistent, relatively high level of IL-10 resulting in decreasing levels of d-ROMs throughout the clinical course of illness. These findings indicate that the cytokine balance in the patient who died had shifted toward an anti-inflammation predominance, inducing the state of CARS. Serum d-ROMs may be a robust prognostic predictor in necrotizing soft tissue infections.
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